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An experiment was conducted to determine quality
criteria for continuous -tone diazo film reproductions.
The rank-order method was used to acquire judgement
data from a group of experienced photographic scien
tists evaluating diazo ^reproductions varying in exposure
level and tone reproduction contrast. Analysis of the
data resulted in the conclusion that a high degree of
agreement does exist between the judges, the quality
of a diazo copy depends significantly on the exposure
level and the silver positive input, and maximum density
and tone reproduction contrast could be possible quality
criteria for diazo reproductions.
INTRODUCTION
Throughout research fields and industry there is a
definite need for information regarding the quality cri
teria for diazo film reproductions. Objective standards
of quality do not exist, and it is not even known if
there are objective standards which would correlate with
a subjective evaluation. It has been stated that maximum
density and contrast are the most accepted factors for
determining the reproduction quality of a diazo film.
Some groups do consider a high maximum density, a contrast
equal to one, and a unity reproduction contrast to be the
quality criteria for diazo
reproductions.2
The author
could find no published Information agreed or disagreed
with these opinions. This general unawarness concerning
the quality criteria for diazo film reproductions has
provoked an attempt to determine, firstly, if a signifi
cant correlation exists between
observers1
evaluations
of varying quality diazo copies, secondly, to determine
if maximum density and tone reproduction contrast are
usable criteria for judging diazo quality, and thirdly,
to determine if any other objective criteria exists for
predicting high quality diazo copies. The ability of
nine observers to evaluate fifteen diazo copies and rank
1. Interview, Chester Slimowelz, G. A. F. Ozalid, Johnson
City, New York, November 23, 1966
2. Ibid. & Interview, Donald Gaffney, G. A. F. Ansco,
Binghamton, New York, November 23, 1966
* Disregarding the color factor.
2.
them on the basis of reproduction quality is used in this
experiment.
The psychometric method of rank-order Is used because,
from the standpoint of ease and economy, the method is far
superior to such methods as paired comparisons. In ad
dition, the rank-order method obtains valuable information
about the homogeneity of the judges.
EXPERIMENTAL PROCEDURE
Image Production - Negatives
Copy consisting of a reflectance gray scale, line
copy, and a continuous tone
photograph*
was photographi
cally reduced 50$ using a
4x5"
camera. Two photo-flood
lamps provided equal illumination across the copy. The
copy illumination was measured for uniformity. Four
"normal"
exposures were made at f22, .5 sec, and four
at plus one stop normal and minus one stop normal to
insure correct exposure. A commercial film, Vivipan A,
was used. The film was developed at 68 F in a tank with
commercial developers using ASA agitation. Different
contrast levels were produced.
Image Production - Silver Film Positives
The silver positives were produced by contact print
ing the negatives onto Vivipan A using an enlarger as a
light source. A total of nine positives were produced
by varying the exposure level and development time.
3. Guilford, J. P., Psychometric Methods, Mc-Graw Hill




From the nine positives, seven were used as inputs for
reproduction onto diazo film.
The experimental factors, contrast and maximum dens
ity, are shown in Figure 1 , as well as the curves for
the seven silver positives.
Figure 2, which is plotted as density of the silver
positive (D.g) versus the reflection density of the origin
al scene (Ds), depicts the density or tone reproduction
for the silver positive. The sum of the rank points
(Table 3, column 2) determined from the rank-order evalu
ation of the diazo positives was calculated for the silver
positive.
Diazo Reproductions
The silver positive images were copied, maintaining
a 1 :1 magnification ratio, through an Ozalid Prlntmaster,
onto
5x7"
Unit Gamma Microfilm (UGM), a diazo film.
UGM was selected as the diazo film in order to keep the
diazo density (Da) vs. silver density contrast at the same
level. When calculating UGM's film contrast for the 21
samples It was determined that the contrast did nbt
noticeable vary, regardless of the input contrast. There
fore, maximum density and tone reproduction contrast (TRC)
are the varying factors of the diazo positives.
The speed at which the film traveled past the ultra
violet source was varied to three levels, 3ft/min. , 5ft/min. ,
and 7ft/min., which controlled exposure and produced an
increase or decrease in the overall density. The minimum










the maximum densities with the exposure speed variation.
All films were
"developed"
(this is actually a fixa
tion process) five times through the Printmaster at a
speed of 5ft/min. to Insure complete development. A
total of 21 diazo positives were produced from which the
totally unaccepted were rejected, leaving a sample size
of fifteen. From these diazo copies diffuse visual trans
mission density (Da) was read after the film had
"dried"
for 48 hours. This diazo density (Dd) was plotted vs.
the original scene density (Ds) to determine the TRC.
The diazo copies which were evaluated the top three re
productions and the bottom three reproductions are shown
in Figure 3 with their TRC value.
Image Evaluation
Before the diazo copies were judged the line copy
and the gray scale were removed from the film. This
left only the copy of the continuous tone photograph to
be evaluated. Both the line copy and the gray scale were
marked with the same code number and were stored for
future reference. The code number, 6-7, 2-3, etc., stands
for the exposure level, which is the second number, and
the silver positive input, the first number.
Ten raters individually judged the fifteen samples
in a semi-darkened room on a controlled light source,
a portable light table. The raters were read the fol
lowing instructions:
Please rank in your preference, the fifteen diazo
copies in order of the highest quality reproduction to
the lowest quality reproduction of this photogragh.
*
According to ASA PH 2.19 - 1959

8,
Ignore physical defects such as, dirt, dust, scratches,
and so forth. Take as much time as you want. If you
have any questions please ask them.
If the judges asked questions concerning the rank
ing procedure they were answered. Any questions pertain
ing to the copy quality were not answered as a precaution
against biasing the raters.
Evaluation time ranged between five and thirty min
utes. All the judges were professional men who had
experience working with diazo films. Experience ranged
from one to fifteen years. All the judges were from the
same company, although sometimes from different depart
ments and, in three cases, from different geographical
locations. There are no published quality criteria for
diazo reproductions in the company. Throughout the in
terviews appropriate comments and suggestions were re
corded.
Data Analysis
In calculating the standard deviation of rank posi
tion, mean rank value, 90$ confidence intervals, and t
tests, it was found that many of the diazo copies do
not have a significant difference between their ranks.




























A study of Table 1 demonstrates a fairly constant
distribution of response frequencies for the various
diazo reproductions. These observations imply that there
is a consensus among the raters which is related to their
preference for a particular diazo copy. Using Guilford's
rank-order coefficient of correlation method the average
intercorrelation among individual judges was found to be
a
+.86, which is a significantly high agreement. The square
of this value Is 0.74, which implies that the association
between the variables accounts for 74 percent of the total
variability of the data, leaving only 26 percent for error
and for other sources of variation.
->
Spearman's correlation coefficient produced values
of +0.91 and +0.94 between two different pairs of raters.
Perfect agreement would be a correlation of +1.0. The
judges do agree on the rank-order values for the diazo
copies and, therefore are a homogenous group.
__
______ _ _
5. Rickmers and Todd, Statistics. An Introduction, pp. 267-268.
6. One of the ten raters had a very low correlation of +0.54
and his evaluation was disregarded.
*
See appendix for statistical formula
10.
TABLE 1
* ' i i-_
RANK FREQUENCY
Film Number
*ri 1=1 6-7 3-7 3-5 7-5 2-7 2-5 6-5 1-7 7-3 4-7 5-7 3-3 2-3 6-3
1 2 4 3
2 4 2 12
3 2 2 113
4 12 4 2




9 3 14 1
10 3 3 3
11 112 3 2
12 2 2 13 1
13 2 113 2
14 113 3 1
15 2 13 3
X 2.3 2.0 2.8 4.7 3.5 6,6 7,6 6.4 120 11.2 9.7 12.1 120 13.6 132
*r.- rank values
Matrix depicting the frequency of rank obtained by a particular diazo
positive. The mean rank value (X) for each diazo copy (7-7, etc.)
as ranked by nine observers was determined from the copy's rank
frequency.
TABLE 2















































Diazo Reproduction - Dmax.
It can be observed from Table 3 that the highest
ranking diazo reproductions had the highest maximum dens
ity. However, some copies had a Dmax. over 1 and did
notAin the high positions, e.g., 4-7, 7-3, and 6-3.
Also, some reproductions with a low Dmax# ranked above
copies which had a greater Dmax. It is obvious that
maximum density can not be used alone as a quality criteria,
in this experiment, as there are other factors influenc
ing the rank value.
Diazo Reproduction - TRC
From the same table it is interesting to note that
the reproductions with a tone reproduction contrast near
est to unity were ranked in positions one and two. This
correlates with the objective criteria for tone repro
duction. However, this measurement by itself can not be
used as an objective criteria as there is no discernible
trend to the ratings when TRC is used as the only criteria.
There is a trend in the rank-order between the TRC
and the maximum density. As the rank value (r^) of two
adjacent copies change, the change between the D^^ and
TRC is a direct relationship. If Dmax# increases between
a rank value the TRC will also increase or stay the same.











1 15 6-7 2.00 1.23 .21 0.98
2 14 7-7 2.33 1.23 .26 1.00
3 13 3-7 2.88 1.12 .26 0.66
4 12 7-5 3.55 1.20 .13 1.20
5 11 3-5 4.77 1.02 .13 0.82
6 10 6-5 6.44 1.13 .10 1.12
7 9 2-7 6.66 .92 .32 0.44
8 8 2-5 7.66 .76 .16 0.45
9 7 4-7 9.77 1.02 .23 0.80
10 6 7-3 11.22 1.14 .07 1.27
11 5 1-7 12.00 .63 .22 0.30
12 4 3-3 12.00 .85 .07 0.74
13 3 5-7 12.11 .95 .19 0.74
14 2 6-3 13.22 K06 .06 1.27




#T.R.C. tone reproduction contrast
14.
Silver Positive - Dmax.
The quality of silver positive used for reproduc
tion exhibits a certain trend with Dmax. Tiie silver pos
itives with the highest maximum density (7,6,3) ranked in
the top six positions of the Rank-Order Data Chart for
the respective diazo reproductions.
Silver Positive - Toe Contrast
A correlation is noticeable between the toe contrast
of the silver positive and the rank points received. In
the last four ranks, from Figure 2, the film with the
highest toe contrast generally ranked higher than a film
of a lower toe contrast.
Exposure
The main factor in this experiment was the exposure
speed useda to produce the diazo copies. Those silver
positives which when contact printed onto the diazo
material at a higher exposure speed, therefore producing
a denser image, were rated above, without exception,
the same silver positive exposed at a slower speed.
Each diazo produced with a higher exposure speed ranked




6-5 6 7-5 4
6-3 14 7-3 10
From Table 3 it can be seen that the diazo copies with
a high maximum density and a high minimum density ranked











The homogeneity of the
judges'
evaluation is an en
couraging aspect. One possible cause for their high
correlation coefficient could be that the diazo repro
ductions were spread over a wide range of tone reproduc
tion contrast, density, and exposure scale. The copies
were quite different, which lended itself to easier
ranking. It is promising, however that the judges did
agree considering the failure of agreement from a group
of radiologists in a similar experiment.
Although there is not a preponderance of evidence
and more research is definitely needed in the area, high
maximum density and a unity tone reproduction contrast
do appear to be useable criteria for diazo reproductions.
Minimum density ranked very low in the rank-order
chart. Those reproductions with a low minimum density
(.07, .06) all ranked in the lowest group - group V.
It is doubtful if any conculsion can be determined per
taining to the use of minimum density as a quality
criteria, as minimum density was highly varied by expo
sure and exposure was the predominant factor in the
experiment.
From the judges comments it is seen that the judges
generally favored a darker copy to a
"washed-out"
one.
Most judges preferred the greater detail found in a
lower tone reproduction contrast copy than the dense
blacks, but little detail, indicative of a high TRC.
7, A. J. Piechnik, "Psychometric Analysis of Radiographic
Contrast," (R. I. T., 1962).
16.
CONCLUSION
The judges were a homogeneous group with a correla
tion coefficient of +0.86. The association between the
variables accounts for 74$ of the total variability,
leaving 26% for error and other sources of variation.
The diazo copies with a high maximum density (1.28-1.20),
a high minimum density (.26-. 21) and unity TRC were chosen
for the highest rank value positions. The quality of the
diazo copy is highly dependant upon the silver positive
input. Diazo reproductions were ranked with exposure
level as the significant factor.
17,
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A BRIEF DESCRIPTION OF THE DIAZO PROCESS
"The basis of diazo processes involves practically colorless
dyes containing a chromophore, such as N=N (azo linkage),
and organic structures. Diazos utilized in the production of
diazotypes are selected for their ability to react with radiation
and couple with another molecule and produce a visible image.
They are usually derivatives of phenolic compounds. The sensiti
vity of such dyes lies in the ultraviolet and violet range of the
spectrum."
"When a diazonium is exposed to radiation, it is decomposed
and nitrogen is released from the molecule. The product produced
is relatively colorless and is inactive during further processing.
A coupler reacts with the unexposed molecule and produces a visible
dye .
"
In the dry process, which is used in this experiment, the
diazo sensitized material contains a coating of both the diazo
and coupler molecules in an acidic environment which protects.
against pre-exposure coupling. The diazo compound is decomposed
by radiation and a coupler forms a dye in those areas which were
not affected by exposure. The coupling produces the visible dye




1C.B. Neblette, Photography, Its Materials and Processes (D. Van
Nostrand Company, Inc., 1962), p. 149.
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STATISTICAL FORMULA FOR DETERMINING CORRELATION COEFFICIENTS













where p = average intercorrelation among
individual judges
k = number of judges
N = number of stimuli
S = sum of the ranks for any stimulus
2







where rs= coefficient of
correlation
di= differences in the ranks assigned by each of the
judges to each tested item
n = number of items tested
Guilford, pp. 253, 398.
2Albert D. Rickmers and Hollis N. Todd, Statistics, An
Introduction
(McGraw-Hill, 1967), p. 397.
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